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Abstract 


Antisocial and criminal behaviors are multifactorial traits whose interpretation relies on multiple disciplines. Since these 
interpretations may have social, moral and legal implications, a constant review of the evidence is necessary before any 
scientific claim is considered as truth. A recent study proposed that men with wider faces relative to facial height (fWHR) are 
more likely to develop unethical behaviour mediated by a psychological sense of power. This research was based on reports 
suggesting that sexual dimorphism and selection would be responsible for a correlation between fWHR and aggression. 
Here we show that 4,960 individuals from 94 modern human populations belonging to a vast array of genetic and cultural 
contexts do not display significant amounts of fWHR sexual dimorphism. Further analyses using populations with associated 
ethnographical records as well as samples of male prisoners of the Mexico City Federal Penitentiary condemned by crimes 
of variable level of inter-personal aggression (homicide, robbery, and minor faults) did not show significant evidence, 
suggesting that populations/individuals with higher levels of bellicosity, aggressive behaviour, or power-mediated 
behaviour display greater fWHR. Finally, a regression analysis of fWHR on individual’s fitness showed no significant 
correlation between this facial trait and reproductive success. Overall, our results suggest that facial attributes are poor 


predictors of aggressive behaviour, or at least, that sexual selection was weak enough to leave a signal on patterns of 
between- and within-sex and population facial variation. 
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The advent of the population genetics paradigm provided a new 
scenario for the analysis of human evolutionary and developmen- 
tal patterns of craniofacial variation. Along with research on the 
socio-cultural variability of human behaviours performed from the 
last half of the 20th century, it has been demonstrated that there is 
no straightforward connection between behaviour and physical 
appearance [3]. Even though changes on behaviour likely 
facilitated the evolutionary success of early hominines, behaviour 


Introduction 


Since the work published by Gall in 1835 [1], there has been a 
persistent interest in exploring methods aimed to predict the 
behavioural, moral, ethic, or emotional status of an individual 
departing from their physical appearance in general, and from 
their craniofacial shape in particular. Under Gall’s perspective, an 
individual’s moral and intellectual faculties are innate and 


determined by the brain organs (e.g. size and shape of the brain). 
Since the form of the head is a good predictor of brain shape, it 
follows from this perspective that an individual’s morality could be 
predicted by its head shape. This research program attained its 
maximum splendour during the mid-19th century under the label 
of phrenology, and was revitalized during early 20th century 
positivism as an attempt to solve criminological cases. The most 
prominent defender of this school was Cesare Lombroso, who 
argued that criminals are distinguished from non-criminals by a set 
of physical anomalies, reminiscent of primitive, ancestral human 
stages [2]. 
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is a very complex and plastic phenotype that can be quickly 
reshaped through education and other socio-cultural practices [4— 
8]. In addition, it has been shown that neuronal and brain 
functions are particularly amenable to plasticity [9]. 

However, a handful of recent articles [10-15] have challenged 
this view and suggested that simple facial traits can be used to 
predict aggressive, unethical and other kind of behaviours. 
Particularly, one of these papers [10] reported that men with 
higher {WHR scores (facial width-to-height ratio) are more likely 
to develop unethical behaviour mediated by a psychological sense 
of power. According to these authors, men with greater {WHR feel 
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more powerful, which directly leads to less ethical behaviour, 
including lying and cheating [10]. This research was based on 
reports suggesting that sexual dimorphism and selection would be 
responsible for a correlation between fWHR and aggression [1 1— 
15]. Since aggression has been positively associated with mate 
preference [10] and unethical behaviour, positive selection for 
fWHR should be then regarded as a reliable signal of male 
dominance. If this preference for males with greater {WHR scores 
occurred ubiquitously during modern human evolution, an 
expected outcome is a worldwide high level of sexual dimorphism 
for WHR, with greater values of {WHR being displayed by men 
coming from populations with high levels of inter-personal 
aggression. Another expected outcome is a positive correlation 
among masculine fitness and fWHR, indicating that men with 
higher {WHR have higher reproductive success. 

Some recent papers have demonstrated that {WHR is not 
dimorphic on a sample of ‘Turkish university students [16], as well 
as on samples of “Europeans” and “Africans” [17]. Also, some 
recent papers demonstrated that {WHR is not associated with self- 
reported aggression [16], or with indirect measurements of 
aggression (hockey penalties) [18]. In addition, a recent paper by 
Kramer et al. [19] using large, typologically-labeled samples (e.g. 
“white german, white british”) found no evidence of sexual 
dimorphism on fWHR. Furthermore, Stirrat and Perrett [20] 
demonstrated that men with greater {WHRs were perceived as less 
attractive (running counter to a “mate preference” explanation), 
and Stirrat et al [21] found that men with smaller f{WHRs were 
more likely than men with greater fWHRs to die from male-male 
physical violence. 

Even when the papers detailed above present contradictory 
evidence regarding the alleged adaptive nature of fWHR 
variation, it is still necessary to test this adaptive hypothesis on 
worldwide, cross-cultural populations, to measure {WHR sexual 
dimorphism on groups displaying differing levels of interpersonal 
violence, and to evaluate putative associations among male fitness 
and fWHR. Cross-cultural work, particularly in traditional 
societies, will be especially useful to this end [22]. Therefore, the 
objectives of this work are to further test {WHR dimorphism on a 
population based, world-wide level, to evaluate the null prediction 
of an association among aggression levels and {WHR on a broader 
quantitative and population-genetic context, and to verify if males 
with greater {WHR present higher fitness values. Our sampling 
strategy is thus aimed to maximize cultural, economic, linguistic 
and geographic coverage and included seven different, previously 
published databases covering 4,960 individuals from 94 modern 
worldwide populations. To sum up, the framing of our paper is 
exclusively on testing the theoretical expectations derived from the 
adaptive explanations previously stated (especially in references 
10-14) on a global, cross-cultural sample. Note that both, intra 
and intersexual selection were suggested to explain a putative 
adaptive role of fWHR, and that both scenarios predict significant 
male dimorphism if adaptation effectively occurred. In a revision 
of sexual selection mechanism in humans, Puts [22] profusely 
showed that ancestral selection pressures can be inferred by 
studying the adaptations that they produced. A condition for 
selective processes to be demonstrated (or at least supported by 
evidence taken on natural populations) is that changes in allelic 
frequencies of the genes underlying the expression of the selected 
phenotypes vary from one generation to the next. If these 
conditions are not met, adaptation is just one of many alternative 
explanations concerning the studied phenomenon. 
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Materials and Methods 


The sample 

To maximize the number of sampled populations and to 
achieve large sample sizes, we based our analysis on previously 
published databases that involve several types of raw data, 
including craniofacial measurements, 2D and 3D craniofacial 
landmark coordinates taken on dried skulls. We verified that for 
each database a good estimator of {WHR could be computed. 
Note that all of these methods to estimate f{WHR are superior to 
that based on non oriented photographs [10,12,13,18,20], where 
non-controlling of coplanarity introduces potential measurement 
errors that may arise from artefacts of head posture, i.e. faces 
rotated with respect to the camera in the horizontal or vertical 
planes [17,19]. 

Databases were analyzed separately because of subtle differ- 
ences in measurement or landmark definitions. Nevertheless, all 
the databases matched with the general definition of {WHR (the 
ratio of bizygomatic breadth to nasion-prostion height). Sample 
composition and specific details of each database are provided on 
Table 1, whereas ethnographic information is provided in Table 
S1. Note that two databases (México and Hallstat) were used for 
specific purposes: the Mexican database was used to test 
differences among groups differing on levels of interpersonal 
violence, whereas the Hallstatt database was used to estimate the 
correlation among fWHR scores and male fitness. 

For each database, a variable amount of indices were computed 
according to traditional formulae (see Table 1). These indices 
depict general aspects of skull shape as well as localized structures 
(nasal, orbital, alveolar, etc.). 


Evaluation of fWHR sexual dimorphism at global and 


population levels 

A global estimation of sexual dimorphism was computed as the 
ratio among the male to the female average value for each index. 
Statistical significance of sexual dimorphism for each index on 
each database was evaluated by t-tests for independent samples. 
Then, the significance of sexual dimorphism was evaluated at the 
population level, within each database. To analyze the apportion- 
ment of population variation across the different indices, male and 
female Fst values for each index were also computed [23]. The 
fixation index, Fst, is a measure of the proportion of diversity due 
to differences among populations [23]. 


Evaluation of fWHR sexual dimorphism on groups 
displaying differing levels of interpersonal violence 
Specific subsets of populations were selected to compare 
fWHR’s sexual dimorphism on populations for which ethno- 
graphic records of within-group interpersonal violence [24] are 
available. First, we compared differences on among-population 
sexual dimorphism on worldwide populations holding well 
documented ethnographic records of within-group inter-personal 
violence levels along with presence of fighting games or rituals 
[25]. Ethnographers and other scholars have estimated the lethal 
violence level as an aspect of the general pattern of inter/intra- 
group aggression or conflict in modern and ancient human 
societies. Percentage of deaths in warfare and homicide rates are 
the most frequently used quantitative indices. In a recent 
compilation, Pinker [24] showed that the average percentage of 
death in warfare considering simple nomadic hunter-gatherer and 
forager-horticulturalist prestate societies are 12% and 22%, 
respectively, while for state societies the percentages are normally 
lower. In consequence, the different social organization systems 
present contrasting patterns of violence and sociality in very broad 
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terms. Thus, we have further classified, when possible, populations 
within each database as hunter-gatherers (HG), farmers (F) and 
state society (SS) in order to test if {WHR sexual dimorphism is 
higher on society types displaying higher levels of interpersonal 
violence. Comparisons were limited to the Howells, Pucciarelli, 
2D, 3D and Mexico databases, while the Patagonian dataset was 
not included in this analysis because it is exclusively represented by 
nomadic hunter-gatherer groups. 

To further assess differences among groups with varying levels 
of interpersonal violence we performed an additional analysis 
based on the Mexico database, directly testing for differences on 
fWHR scores between samples of male prisoners of the Mexico 
City Federal Penitentiary condemned by crimes of variable level of 
inter-personal aggression (homicide, robbery, and minor faults) 
and a comparative sample of random, non-condemned individuals 
belonging to the same urban population [26]. 


Computation of fitness on the Hallstat sample 

Finally, we regressed and correlated male f{WHR scores on a 
measure of reproductive fitness using a pedigreed sample from the 
Austrian population of Hallstatt, which furnishes a unique chance 
to compute quantitative genetic parameters for skull shape 
[27,28]. Skulls from the Hallstatt collection are individually 
identified and church records can be used to reconstruct 
genealogical relationships, as well as to compute individual 
reproductive success measurements. To estimate fitness measures 
we reconstructed the genealogies of the Hallstatt population from 
the complete parish records of births, marriages and deaths from 
1602 to 1900, which included 18,134 individuals. We only 
included those individuals with complete individual life histories, 
who married at least once and who survived to adulthood and 
reproduction (N = 2,549). We estimated fitness as lifetime repro- 
ductive success (LRS, number of children produced and raised to 
15, that is to adulthood). Corresponding f{WHR values were 
available for 179 males. 


Results 


Our results concerning sexual dimorphism on fWHR and 
further indices on a worldwide scale are presented in Table 1 and 
Figure 1. In addition, a population-specific comparison of {WHR 
sexual dimorphism on each database is presented in Fig. S1. 
Figure 1 and Table 1 results clearly show that {WHR is among the 
less dimorphic indices on all the databases, and that sexual 
differences are not significant at P=0.05, excepting for the 
Hallstat sample, showing significant dimorphism. Furthermore, 
only seven out of 89 comparisons (7.86%) yielded {WHR values 
significantly greater in males than in females (Figure S1). Note that 
all the significant comparisons became non-significant when the 
Bonferroni’s correction is applied. The overall low Fst values 
obtained for fWHR (0.014—0.166) in comparison with other 
indices (Table 1) indicate that the pattern of within versus 
between-group variation is similar to estimates based on neutral 
DNA, protein, enzyme, and blood-group polymorphisms [29], 
rather than what is expected to a marker subjected to strong sexual 
selection. 

Results concerning {WHR dimorphism comparisons on groups 
with ethnographically documented variable levels of within-group 
interpersonal violence, and fWHR comparison in individuals 
subjected to prosecution decisions based on different levels of 
violence with non-prosecuted individuals of the same population 
are presented in Figure 2a and b respectively. Our results indicate 
no tendency of hunter-gatherers and/or forager-horticulturalists to 
develop greater {WHR dimorphism (Figure 2a). This suggests that 
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this trait was not selected in males in societies were aggressive 
behaviour can be displayed with minimal restrictions. A more 
direct comparison performed on the Mexico database demon- 
strated that {WHR is not significantly greater on those males 
subjected to prosecution decisions involving crimes of variable 
level of inter-personal aggression in comparison with the general 
population (Figure 2b). 

Finally, regression of {WHR on fitness estimated on the Hallstat 
database as lifetime reproductive success (LRS, number of 
children produced and raised to adulthood) [30,31] yielded non- 
significant correlation between f{WHR and male fitness in this 
population (Figure 2c). Also, note that variation on {WHR explains 
only a 0.0211% of the variation on fitness. 


Discussion 


Previous studies assessing the relationship between {WHR and 
aggressiveness suggest that {WHR itself is not responsible for the 
behavioural phenotype, but a co-variable of another trait, such as 
testosterone level [32,33]. Regardless of this relevant but often 
disregarded aspect, the consensus view is that behaviours normally 
associated with aggressiveness and its derivations, such as unethical 
behaviour, are more prominent in men than in women. Sexual 
selection pressures for traits promoting success in physical conflict, 
which was particularly important in ancestral environments, could 
bring benefits to a man as an ally or mate and may explain the 
predominance of aggressive behaviour in males [34]. Then, men’s 
persistent physical traits could only predict immoral actions if they 
were also associated with sexual selection. 

However, a growing number of studies demonstrate that {WHR 
is not a dimorphic trait [16,17,19], and that {WHR is unrelated to 
aggression [16,18]. Our work expands these previous works in 
several aspects. First, our sample sizes are larger than previous 
studies thus guarantying higher statistical power, and hence more 
reliable results concerning sexual dimorphism. Second, we 
adopted a worldwide sampling strategy, focusing on geographi- 
cally and culturally restricted populations, rather than on large 
continental/racial groupings (e.g. Caucasian, African, etc.). Third, 
both the scope of our paper as well as the analyses performed were 
strictly based on the Population Genetics expectations regarding 
quantitative traits subjected to sexual selection. Fourth, we provide 
a broader approach to craniofacial shape by including a larger 
number of indices, whose behavior in terms of sexual dimorphism 
could potentially stimulate future studies. Fifth, we have combined 
our cross-cultural sampling with a thoughtful review of ethno- 
graphic records contributing to a formal model of interpersonal 
violence developed by Pinker [24], in order to test the null 
hypothesis of greater fWHR sexual dimorphism on more 
aggressive contexts. Finally, we report a statistical evaluation of 
the association among fitness and fWHR, which serves as a more 
direct and powerful evaluation of past sexual selection. 

Our results demonstrate that {WHR is a poor predictor of 
aggressive behaviour, or, at least, that sexual selection was weak 
enough to leave a signal on patterns of between and within sex and 
population human facial variation. More complex models of 
sexual selection [30,31] might be tested to explore whether 
patterns of {WHR variation fit further models of positive selection 
favouring males with higher f{WHR values (or indirectly a 
correlated trait such as higher levels of testosterone), but our 
results show that under the simplest scenario of sexual selection, 
the predictions of significant sexual dimorphism on fWHR (i.e., 
more pronounced sexual dimorphism on societies exhibiting 
greater levels of interpersonal violence, and greater fitness on 
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Figure 1. Sexual dimporphism on fWHR and further cranial indices. Box and whisker plots of global sexual dimorphism computed across the 
different databases. Indices that differed significantly among sexes (after t-test for independent samples) are shown in solid grey. A) Howells 
database; b) Pucciarelli database, c) 2D Geometric Morphometric database, d) 3D Geometric Morphometric database, e) Patagonian groups database. 


Square: median; box: 25%-75%; whisker: minimum-maximum values. 
doi:10.1371/journal.pone.0052317.g001 


males displaying greater {WHR values) are not corroborated by 
our worldwide analyses. 

Our further results concerning {WHR dimorphism comparisons 
on groups with ethnographically documented variable levels of 
within-group interpersonal violence, and {WHR comparison in 
individuals subjected to prosecution decisions based on different 
levels of violence with non-prosecuted individuals also underscore 
that {WHR is not significantly associated with aggressive 
behaviour. Despite caution is needed with general classifications 
of society types and corresponding estimations of interpersonal 
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violence, this type of information can be used to test whether and 
how fWHR varies in populations with variable influence of the 
socio-cultural factors controlling and preventing the more extreme 
forms of violence [35]. If males displaying greater {WHR scores 
achieved better fitness values, it would trigger a process of sexual 
selection focused on fWHR, and then fWHR should be higher on 
groups where inter personal violence is not buffered by social rules. 
However, our results do not support this view. Our analysis shows 
that there is no statistical significant association between {WHR 
and male fitness, even when significant sexual dimorphism is 
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Figure 2. Sexual dimporphism on fWHR across socio-cultural categories. Box and whisker plots of a) fWHR sexual dimorphism in samples 
belonging to three different socio-cultural categories: HG: hunter-gatherers; F: farmers; SS: state societies. b) fWHR values of males from the Mexican 
general population (GP), males prosecuted by homicide (H), robbery (R) and other minor faults (O). Square: mean; box: standard error; whisker: 
standard deviation. c) Regression of fWHR on fitness, estimated as lifetime reproductive success (LRS, number of children raised to adulthood). 
doi:10.1371/journal.pone.0052317.g002 


observed in the Hallstat population. To the best of our knowledge, Evolutionary and social implications of fWHR assessment 
this is the first report of a statistical evaluation of the association To fully understand the inherent variation of {WHR in human 
among fitness and {WHR, which is one of the most direct evidence populations, it must be recalled that {WHR is an attribute of the 
of past inter and intra sexual selection. skull, which is a complex structure with a pervasive pattern of 


morphological integration that constraints its evolution along lines 
or planes of least evolutionary resistance [36]. Therefore, adaptive 
hypotheses regarding a specific trait like a simple facial index 
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cannot be tested without taking into account the correlated 
response of genetically, epigenetically, developmentally and 
functionally integrated traits. Recent quantitative genetics research 
[28] demonstrates that the genetic plane of least evolutionary 
resistance for the Hallstatt population is shaped by a retraction of 
the lower face, an expansion of the anterior cranial vault, a 
forward and upward rotation of the foramen magnum, as well as a 
flexion of the skull about the anterior basicranium. It is likely that 
these constrains operated worldwide at the species level, since 
covariation patterns are highly conserved on modern humans 
[37]. None of the constraints detailed above involves the 
relationship among facial width and height, thus suggesting that 
if {WHR was indeed subjected to sexual selection, this selection 
force was not strong enough to operate on directions deflecting the 
lines of least evolutionary resistance. In other words, patterns of 
genetic covariation do not predict straightforward evolutionary 
changes involving variation on fWHR. 

To sum up, we argue that, even when localized, low-scale 
studies may suggest that {WHR is a trait shaped by sexual 
selection, a population genetics approach to {WHR variation on 
worldwide cross-cultural modern human populations clearly show 
that this trait does not present any of the expected signals of past 
sexual selection operating during the course of human evolution. A 
likely explanation for these results is that behavioural repertoires 
are so plastic that socio-cultural environments [4-8] or even 
casual, chance associations related to small sample sizes are 
possibilities which, if not properly considered, may become 
important misleading factors in this type of analysis. On a recent 
paper, for instance, Wong et al. [38] found that {WHR of CEOs 
was positively related to the financial success of the company, but 
only for companies for whom the CEO used a cognitively simple 
leadership style. On a, 

These kinds of results are at odds with adaptive explanations, 
and demonstrate how socio-cultural aspects are determinants of 
great amounts of the behavioural repertoire. 

Furthermore, we suggest that analyses made on particular, 
highly localized samples and focused on the correlation among 
physical attributes and specific behaviours should incorporate and 
control for specific measurements of socio-cultural context in order 
to provide a more realistic approach to the complexity of 
behavioural manifestations. For instance, analyses made on 
different populations [16-19] contradicted the main expectations 
of the adaptive hypothesis published in references 10-15, 
demonstrating that {WHR is not sexually dimorphic and is not 
related with aggressive behaviour [16]. Finally, another important 
remark to studies of fWHR and aggressive behaviour is that all of 
them depart from the assumption that the perceiver ratings of 


References 


1. Gall FJ (1835) On the Functions of the Brain and of Each of Its Parts: with 
Observations on the Possibility of Determining the Instincts, Propensities and 
Talents, or the Moral and Intellectual Dispositions of Men and Animals, by the 
Configuration of the Brain and Head. 6 vols. Boston: Marsh, Capen & Lyon. 

2. Lombroso C (1876) L’Uomo Delinquente. Milan: Hoepli. 

3. Foley RA (1991) How useful is the culture concept in early hominid studies? In: 
The origins of human behaviour (ed. RA . Foley), pp. 25-38. London: Unwin 
Heinmann. 

4. Jablonka E, Lamb MJ (2005) Evolution in Four Dimensions. Cambridge: A 
Bradford Book/The MIT Press. 

5. Travis CB (2003) Evolution, Gender and Rape. Cambridge, MA: The MIT 
Press. 

6. Scott IML, Pound N, Stephen ID, Clark AP, Penton-Voak IS (2010) Does 
masculinity matter? The contribution of masculine face shape to male 
attractiveness in humans. PLoS ONE 5, 13585. 

7. Peskin M, Newell FN (2004) Familiarity breeds attraction: effects of exposure on 
the attractiveness of typical and distinctive faces. Perception 33: 147-157. 

8. Abbink JG (1999) Violence, ritual and reproduction: culture and context in 
surma dueling. Ethnology 30: 227-242. 


PLOS ONE | www.plosone.org 


No Association between Facial Shape and Aggression 


propensity for aggression are based on the observation of neutral 
faces, in some cases during an exposition of few milliseconds. 
However, basic information is needed about how the perceiver 
ratings vary in more realistic conditions, including exposition to 
non neutral faces. For instance, {WHR decreases when smiling, 
since this expression generates a lateral expansion of the cheeks, 
and hence a “non-deterministic”, free-will drive diminution of 
fWHR. 

Since the alleged existence of significant, statistically demon- 
strated and scientifically based relationship among facial attributes 
and behavioural traits involving morality and ethics can have 
social effects (e.g. prosecution decisions, work policies, police 
operations), we suggest that future analyses aimed to detect 
relationships among facial attributes and behaviour must be 
reinforced by cross-cultural controls, longitudinal samples, and a 
solid background on population genetics. 


Supporting Information 


Figure S1 Box and whisker plots of {WHR depicting 
inter-sexual differences across the populations of each 
database. a) Howells database; b) Pucciarelli database, c) 2D 
Geometric Morphometric database, d) 3D Geometric Morpho- 
metric database, e) Patagonian groups database. Square: median; 
box: 25%—75%; whisker: miimum-maximum values. Orange: 
females, blue: males. Populations showing significantly greater 
male {WHR (after t-test for independent samples) are marked with 
grey boxes. 

(TIF) 


Table S1 Sample details for each database, including 
Pinker’s sociocultural classifications. 


(XLSX) 


Acknowledgments 


We thank Nelson JR Fagundes for his intellectual contribution to this 
manuscript. We also acknowledge the thoughtful comments made by the 
editor and reviewers of this work, as well as the remarks made by Drs. 
Elaine Wong and Justin Carré. 


Author Contributions 


Conceived and designed the experiments: JGV TH MQS CP SDA MFG 
NMA ME HMP FMS CHDB MCB RGJ. Performed the experiments: 
JGV TH MQS CP SDA MFG NMA ME RGJ. Analyzed the data: JGV 
TH MQS CP SDA MFG NMA ME RGJ. Contributed reagents/ 
materials/analysis tools: JGV CP SDA NMA ME HMP FMS RGJ. Wrote 
the paper: JGV TH NMA ME HMP FMS CHDB MCB RGJ. 


9. Cicchetti D, Curtis WJ (2006) The developing brain and neural plasticity: 
Implications for normality, psychopathology, and resilience. In: Developmental 
psychopathology: Developmental neuroscience (eds. D . Cicchetti, DJ . Cohen). 
pp. 1-64. Vol. 2, 2nd edn. Hoboken, New York: Wiley. 

0. Haselhuhn MP, Wong EM (2012) Bad to the bone: facial structure predicts 
unethical behaviour. Proc R Soc B 279: 571-576. 

1. Thornhill R, Gangestad SW (1999) Facial attractiveness. Trends Cogn Sci 3: 
452-460. 

2. Carre JM, McCormick CM (2008) In your face: facial metrics predict 
behavioural aggression in the laboratory and in varsity and professional ice 
hockey players. Proc R Soc B 275: 2651-2656. 

3. Carré JM, McCormick CM, Mondloch CJ (2009) Facial structure is a reliable 
cue of aggressive behaviour. Psychol Sci 20: 1194-1198. 

4. Weston EM, Friday AE, Lid P (2007) Biometric evidence that sexual selection 

has shaped the hominin face. PLoS ONE 2, e710. 

. Weston EM, Friday AE, Johnstone RA, Schrenk F (2004) Wide faces or large 

canines? The attractive versus the aggressive primate. Proc R Soc B 271: S416— 


S419. 


on 


January 2013 | Volume 8 | Issue 1 | e52317 


20. 


21. 


22: 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


34. 


Özener B (2011) Facial width-to-height ratio in a Turkish population is not 
sexually dimorphic and is unrelated to aggressive behavior. Evol Hum Behav 3: 
169-173. 

Lefevre CE, Lewis GJ, Bates TC, Dzhelyova M, Coetzee V, et al. (2012) No 
evidence for sexual dimorphism of facial width-to-height ratio in four large adult 
samples. Evol Hum Behav “In press”. 

Deaner RO, Goetz SMM, Shattuck K, Schnotala T (2012) Body weight, not 
facial width-to-height ratio, predicts aggression in pro hockey players. J Res Pers 
46(2):235-238. 

Kramer RSS, Jones AL, Ward R (2012) A Lack of Sexual Dimorphism in 
Width-to-Height Ratio in White European Faces Using 2D Photographs, 3D 
Scans, and Anthropometry. PLoS One, 7(8), e42705. doi:10.1371/journal.- 
pone.0042705 

Stirrat M, Perrett DI (2012) Face structure predicts cooperation: men with wider 
faces are more generous to their in-group when out-group competition is salient. 
Psychological Science, 23, 718-722. 

Stirrat M, Stulp G, Pollet TV (2012) Male facial width is associated with death 
by contact violence: Narrow-faced males are more likely to die from contact 
violence. Evol Hum Behav, 33, 551-556. 

Puts DA (2010) Beauty and the beast: mechanisms of sexual selection in humans. 
Evol Hum Behav 31: 157-175. http://dx.doi.org/10.1016/j.evolhumbehav. 
2010.02.005 


. Relethford JH, Crawford MH, Blangero J (1997) Genetic drift and gene flow in 


post- famine Ireland. Hum Biol 69: 443—465. 
Pinker S (2011) The better angels of our nature: why violence has declined. 
London: Penguin Books. 


. Murdoch GP (1967) Ethnographic atlas: a summary. Pittsburgh: The University 


of Pittsburgh Press. 
Bautista J, Pijoan CM (1998) Craneometria de reos: colección procedente de la 
penitenciaria del Distrito Federal. Cd. de México. Instituto Nacional de 
Antropologia e Historia. 

Martinez-Abadias N, Esparza M, Sjovold T, Gonzalez-José R, Santos M, et al. 
(2009) Heritability of human cranial dimensions: comparing the evolvability of 
different cranial regions. J Anat 214: 19-35. 

Martinez-Abadias N, Esparza M, Sjovold T, Gonzalez-José R, Santos M, et al. 
(2012) Pervasive genetic integration directs the evolution of human skull shape. 
Evolution 66: 1010-1023. 

Relethford JH, Harpending HC (1994) Craniometric variation, genetic theory, 
and modern human origins. Am J Phys Anthropol 95: 249-270. 

Andersson M (1994) Sexual selection. Princeton, New Jersey: Princeton 
University Press. 

Jones AG, Rosenqvist G, Berglund A, Avise JC (2005) The Measurement of 
Sexual Selection Using Bateman’s Principles: An Experimental Test in the Sex- 
Role-Reversed Pipefish Syngnathus typhle. Integr Comp Biol 45: 874-884. 
Archer J (2006) Testosterone and human aggression: an evaluation of the 
challenge hypothesis. Neurosci Biobehav Rev 30: 319-345. 

Pound N, Penton-Voak IS, Surridge AK (2009) Testosterone responses to 
competition in men are related to facial masculinity. Proc R Soc Lond B Biol Sci 
276: 153-159. 

Price ME, Dunn J, Hopkins S, Kang J (2011) Anthropometric correlates of 
human anger. Evol Hum Behav 33:174—181. 


PLOS ONE | www.plosone.org 


38. 


39. 


50. 


No Association between Facial Shape and Aggression 


. Bowles S (2009) Did warfare among ancestral hunter-gatherers affect the 


evolution of human social behaviors? Science 324: 1293-1298. 
Schluter D (1996) Adaptative radiation along genetic lines of least resistance. 
Evolution 50:1766—1774. 


. Gonzalez-José R, Van der Molen S, Gonzalez-Pérez E, Hernandez M (2004) 


Patterns of phenotypic covariation and correlation in modern humans as viewed 
from morphological integration. Am J Phys Anthropol 123: 69-77. 

Wong EM, Ormiston ME, Haselhuhn MP (2011) A face only an investor could 
love: CEOs’ facial structure predicts their firms’ financial performance. Psychol 
Sci 22: 1478-1483. doi: 10.1177/0956797611418838 

Howells WW (1973) Cranial variation in man. A study by multivariate analysis 
of patterns of differences among recent human populations. Papers of the 
Peabody Museum of Archeology and Ethnology. Cambridge, MA: Peabody 
Museum. 

Howells WW (1989) Skull shapes and the map. Craniometric analyses in the 
dispersion of modern Homo. Papers of the Peabody Museum of Archaeology 
and Ethnology. Cambridge, MA: Peabody Museum. 

Pucciarelli HM, Sardi ML, Jimenez Lopez CL, Sanchez CS (2003) Early 
peopling and evolutionary diversification in America. Quat Int 109: 123-132. 
Pucciarelli HM, Gonzalez-José R, Neves WA, Sardi ML, Rozzi FR (2008) East- 
West cranial differentiation in pre-Columbian populations from Central and 
North America. J Hum Evol 54: 296-308. 

Pucciarelli HM, Neves WA, Gonzalez-José R, Sardi ML, Rozzi FR, et al. (2006) 
East-West cranial differentiation in pre-Columbian human populations of South 
America. Homo 57: 133-150. 

Gonzalez-José R, Gonzalez-Martin A, Hernandez M, Pucciarelli HM, Sardi M, 
et al. (2003) Craniometric evidence for Palaeoamerican survival in Baja 
California. Nature 425: 62-65. 

de Azevedo S, Nocera A, Paschetta C, Castillo L, Gonzalez M, et al. (2011) 
Evaluating microevolutionary models for the early settlement of the New World: 
the importance of recurrent gene flow with Asia. Am J Phys Anthropol 146: 
539-552. 
Gonzalez-José R, Bortolini MC, Santos FR, Bonatto SL (2008) The peopling of 
America: craniofacial shape variation on a continental scale and its 
interpretation from an interdisciplinary view. Am J Phys Anthropol. 137: 
Paschetta C, de Azevedo S, Castillo L, Martinez-Abadias N, Hernandez M, et 
al. (2010) The influence of masticatory loading on craniofacial morphology: A 
test case across technological transitions in the Ohio valley. Am J Phys 
Anthropol 141: 297-314. 
Gonzalez-José R, Martinez-Abadias N, Gonzalez-Martin A, Bautista-Martinez 
J, Gomez-Valdés J, et al. (2007) Detection of a population replacement at the 
Classic-Postclassic transition in Mexico. Proc Biol Sci 274: 681-688. 
Gonzalez-José R, Dahinten SL, Luis MA, Hernandez M, Pucciarelli HM (2001) 
Craniometric variation and the settlement of the Americas: Testing hypotheses 
by means of R-matrix and matrix correlation analyses. Am J Phys Anthropol 
116: 154-165. 

Gonzalez-José R, Garcia-Moro C, Dahinten S, Hernandez M (2002) Origin of 
Fueguian-Patagonians: an approach to population history and structure using R 
matrix and matrix permutation methods. Am J Hum Biol 14: 308-320. 


January 2013 | Volume 8 | Issue 1 | e52317 


